Objective To assess the temporal course of homonymous visual-field defects due to occipital lobe infarction, by using automated perimetry. Methods 32 patients with ischaemic infarction of the occipital lobe were studied prospectively, using a Humphrey Visual Field Analyser II. The visual field of each eye was divided into central, paracentral and peripheral zones. The mean visual sensitivity of each zone was calculated and used for the statistical analysis. The results of the initial examination, performed within 2 weeks of stroke, were compared with the results of the sixth-month control. The lesions were assigned to the localisations, optic radiation, striate cortex, occipital pole and occipital convexity, by MRI.
INTRODUCTION
Homonymous visual-field defects (HVFDs) are caused by numerous lesions affecting the retrochiasmal visual pathways. Thirty per cent of patients with stroke 1 and 70% of those with stroke involving the posterior cerebral artery have been reported to have hemianopias. 2 Some recent reports have suggested that visual restoration therapies may improve recovery. 3 4 However, little is known about spontaneous recovery. There are just three prospective studies present on patients with strokerelated HVFDs. 5e7 In one of them, 6 patients were evaluated only with confrontation visual-field testing. A Goldmann perimeter was used in the other two. 5 7 Several degrees of recovery have been reported in all three studies. However, no prospective studies are available, in which automated perimetry is used to ascertain the natural history of stroke-related HVFDs. Automated perimetric measurements of visual-field loss are likely to increase the sensitivity and specifity of homonymous visual-field findings. 8 In this study, we tried to describe the temporal course of stroke-related HVFDs, using automated perimetery.
METHODS
Thirty-two patients with the diagnosis of occipital lobe infarction were studied prospectively in the period from 2008 to 2010. The participants were seen in Ege University Medical School Hospital, Department of Neurology and Atatürk Research and Training Hospital, Clinic of Neurology. They all gave written informed consent prior to enrolment. Initial examinations were performed within 2 weeks of the ischaemic event in all cases. Patients with additional ocular deficits decreasing visual acuity or causing visual-field loss, such as glaucoma, and neurological deficits precluding the perimetric examinations, such as receptive dysphasia, inattention or cognitive impairment, were eliminated. The ability to communicate verbally was an obligatory prerequisite. The location of the lesion was determined by MRI. The lesions on MRI were assigned to the localisations, optic radiation, striate cortex, occipital pole and occipital convexity, depending on the schematic drawing of the occipital lobe, given by Messing and Ganshirt 5 (figure 1). Involvement of the cuneus was also taken into consideration. Patients with previous or multiple infarctions, determined by history, physical examination and MRI studies, were eliminated. At the beginning of each investigation, visual acuity was examined first by Snellen charts. Visual-field testing was performed by a Humphrey Visual Field Analyser II. Each eye was tested using the central 30-2 threshold SITAFast program. All patients were tested with a white size III stimulus against 31.5 ASB background illumination. Only reliable results, defined as fixation losses under 20%, false-positive and false-negative responses under 30% were taken into consideration. All the visual-field tests were performed in a standardised way by the same experienced technician. Follow-up visual-field investigations were performed at the end of the sixth month. The results of the initial examination were compared with the results of the follow-up examination.
The whole visual field was divided into three zones as a central zone (0e108), a paracentral zone (10e208) and a peripheral zone (20e308). In this way, both the affected and the unaffected visual hemifields were divided into six zones as the upper central, upper paracentral, upper peripheral, lower central, lower paracentral and lower peripheral zones (figure 2). The mean visual sensitivity (MVS) of each zone was calculated by dividing the sum of the decibel values by the number of tested points within that zone for the statistical analysis. SPSS 17.0 for Windows was used for the statistical analysis.
Hypothesis tests were performed at the a¼0.05 significance level (means p<0.05 were accepted as significant). The ShapiroeWilk test was performed to check if the data were normally distributed. As none of the parameters were normally distributed, nonparametric methods were used. First, the affected hemifields of the right and left eyes were compared using Wilcoxon Signed Ranks Test. The second step was to search for an improvement Figure 1 Lesions on MRI were assigned to the localisations, optic radiation, striate cortex, occipital pole and occipital convexity, based on the schematic drawing of the occipital lobe by Messing and Ganshirt. 5 
Figure 2
Whole visual field, divided into three zones: a central zone (0e108), a paracentral zone (10e208) and a peripheral zone (20e308). In this arrangement, the affected visual hemifield was divided into six zones: the first being the upper central, the second being the upper paracentral and the third being the upper peripheral zone. Similarly, the fourth was the lower central, the fifth was the lower paracentral, and the sixth was the lower peripheral zone. in the affected and the unaffected hemifields. As a third step, the degree of improvement in the affected hemifields was compared with the degree of improvement in the unaffected hemifields. The last issue taken into consideration was the effect of the lesion localisation within the occipital lobe, on the magnitude of recovery of the visual fields, and the ManneWhitney test was used for this analysis.
RESULTS
There were 32 patients with occipital infarction (14 women (43.7%), 18 men (56.3%); mean age 60.4 years, range 28e82). In 20 patients, the lesion was on the right hemisphere and in 12 on the left hemisphere. Optic radiation was the most frequently involved occipital lobe structure, present in 31 patients (96.8%). The occipital pole was Table 2 Mean visual sensitivity values recorded in six zones of the unaffected hemifield, during the first and follow-up (sixth month) visual-field examinations (the number of patients with improved, deteriorated or unchanged visual fields is also given) When the initial visual-field defects were compared with the defects at the end of the sixth month, it was seen that an improvement was present for all the six zones tested for each eye (table 1) . To check for a testeretest effect, the same comparison was performed for the unaffected hemifields, and an improvement was also noted, which was mainly significant for the upper zones (table 2) . However, when the magnitude of improvement between the affected and unaffected hemifields was compared, it was seen that the improvement in the affected hemifields was of significantly greater magnitude for the lower zones (table 3) .
When the areas involved in the ischaemic event were taken into consideration, it was seen that involvements of the occipital pole and occipital convexity were not associated with a significant change in visual-field recovery. Comparison of the visual-field defects recorded during the initial and follow-up examinations of patients in whom the occipital pole or occipital convexity were involved with those in whom the structures were spared did not Table 4 Median, minimum and maximum mean visual sensitivity differences between the initial and the follow-up (sixth month) visual-field examinations in the affected hemifields, in patients with and without involvement of different occipital lobe structures Continued show a statistically significant difference. However, involvement of the striate cortex was associated with poor prognosis. When the visual-field changes in patients with and without involvement of the striate cortex were compared, a statistically significant difference was found, indicating a better recovery in patients in whom the striate cortex was spared. A more prominent improvement in the visual-field defect was noted within the paracentral and peripheral zones, especially of the lower quadrants, in these patients. The effect of involvement of the optic radiation could not be determined statistically, as there was just one patient in whom the optic radiation was spared. In all the other 31 cases, it was involved (table 4). As the improvement was significant for the lower zones, the effect of cuneus was also studied. In all the seven patients in whom the cuneus was preserved, the initial visual fields showed either homonymous upper quadrantanopia (four patients) or homonymous hemianopia, mainly involving the upper quadrants (three patients). However, comparison of the visual-field changes between the initial and follow-up examinations of patients with and without involvement of the cuneus did not show a statistically significant difference, indicating that both groups recovered similarly (table 4). The changes in the visual-field defects of patients with involvement of all the occipital areas studied were compared with those having lesions restricted to one or two areas, and a statistically significant improvement, again more prominent in the lower zones was found, on behalf of the smaller lesion size (table 5) . However, a detailed analysis on the effect of different combinations of lesions could not be performed owing to the small size of our study group. The initial and follow-up visual fields of a patient are shown in figure 3 . No statistical analysis was performed for the optic radiation, as there was just one patient in whom the structure was spared. *p<0.05 (significant improvement in visual-field tests is present in patients without involvement of the mentioned structure).
DISCUSSION
HVFDs can be caused by different lesions of the visual pathways. In a retrospective analysis including 904 patients with homonymous hemianopia confirmed by Goldmann or Humphrey visual-field testing or confrontation visual field examination, stroke was the cause in 69.6%, followed by trauma in 13.6% and tumours in 11.3% of cases. 9 The prevalence of stroke-related homonymous visual-field loss is relatively high and seems to be greatly underestimated by confrontational testing. Automated perimetry appears to be a sensitive method of accurately assessing poststroke visual-field loss. However, just one prospective study is present in which automated perimetry is used to detect stroke-related HVFDs. 8 In this study, HVFDs were found in 16%, with 50% of these being hemianopia and 50% quadrantanopia. 8 The natural history of HVFDs is not also prospectively studied using automated perimetry. In a retrospective study including 254 patients with a variety of brain lesions including stroke, and the visual fields studied both by Goldmann or Humphrey visual-field tests, an improvement was detected in 40% of the cases. 10 The likelihood of spontaneous recovery decreased with increasing time from injury to initial visual-field testing. When only the group seen within 1 month of injury was considered, the percentage of improvement was 55%. Improvement was found to occur within the first 3 months from injury, and an improvement after 6 months postinjury would be related to an improvement of the underlying disease or to improvement of the patients' ability to perform visual-field tests reliably. 10 Only three studies 5e7 are available in which patients with stroke-related HVFDs were analysed prospectively for the natural course of the defects. In one such study, 6 an evaluation was performed with confrontation, and recovery of visual fields was reported in 17% of patients with complete homonymous hemianopia and in 72% of patients with partial homonymous hemianopia. In the other two, 5 7 Goldmann perimetry was used. Messing and Ganshirt 5 studied 37 patients with occipital infarcts or haematomas with Goldmann perimetry. They found that the process of functional restoration was largely completed after 6 months. Localisation of the lesions was related to the degree of recovery. The best recovery was recorded in lesions of the occipital pole. Those in the striate area had the poorest prognosis. On average, the increase in visual field after 3 years was 6.5% in quadrantanopia and 15.7% in hemianopia. The cause of the lesion (infarct, haemorrhage) had no effect on functional restoration. The return of the visual performance occurred in the form of finger-like extensions in the periphery of the defect. 5 Tiel and Kölmel 7 studied 69 patients with complete homonymous hemianopia due to occipital lobe infarction with Goldmann perimetry. They recorded an improvement in 47.8%. Recovery of function was more common in the lower quadrants. 7 Our study is the first to analyse visual recovery in patients with occipital lobe infarction with automated perimetry. A detailed statistical analysis was performed by dividing the affected visual field into zones and by calculating the MVS of each zone. The initial visual-field test, performed within 2 weeks of the ischaemic event, was compared with the test performed at the end of the sixth month. MVS, calculated for each zone, was compared with the follow-up visual field results of the same zone. A statistically significant improvement was found for all zones studied (table 1) . In order to rule out a testeretest effect, the results gathered from the unaffected hemifield were also studied, and it was found that an improvement was present for the upper zones (table 2) . However, comparison of the changes recorded within the affected hemifield with the changes recorded in the unaffected hemifield showed that the magnitude of improvement was significantly greater in the lower zones of the affected hemifield (table 3) . When the effect of lesion localisation was taken into consideration, it was seen that involvement of the occipital pole or occipital convexity did not have any effect on visual-field recovery. On the other hand, involvement of the striate cortex seemed to be an indicator of poor prognosis. When the visual-field changes between the initial and follow-up examinations of the patients with and Table 5 Mean visual sensitivity differences between the first and the follow-up (sixth month) visual-field examinations in six zones of the affected hemifields in patients with a larger lesion (striate cortex, occipital pole and convexity), compared with those with a smaller lesion (lesions of one or any two of the mentioned areas) without involvement of the striate cortex were compared, it was noted that a statistically significant difference was present, indicating a better recovery in patients in whom the striate cortex was spared. A more prominent improvement in the visual-field defect was recorded within the paracentral and peripheral zones, especially of the lower quadrants in these patients (table 4) . These findings are concordant with the results of two previous studies. 5 7 Tiel and Kölmel 7 found an improvement in the lower quadrants, and Messing and Ganshirt 5 showed that the striate cortex involvement is associated with the worst prognosis, and restoration of the visual field occurs in the periphery of the defect.
We also tried to study the correlation between the lesion size and visual-field recovery and found that extensive lesions involving striate cortex, occipital pole and convexity were significantly associated with poor prognosis, when compared with lesions involving either one or two of the areas studied (table 5) . A detailed analysis of the effect of different combinations of lesions could not be performed, owing to the small size of our study group.
Several hypotheses have been put forward to explain spontaneous recovery in patients with postgeniculate damage due to vascular or traumatic aetiology. It has been speculated that recovery may take place at the striate cortex level and may result from 'reactivation' of reversibly damaged nervous tissue. 11 Tiel and Kölmel 7 proposed that recovery of function in the lower quadrants in their patients with ischaemic occipital lobe infarction was associated with preservation of the cuneus in CT studies. As cuneus is also served by branches of the middle cerebral artery, they suggested that the recovery from homonymous hemianopia was attributable to collateral circulation. 7 In our patient group, the preservation of the lower quadrants during the initial examination was associated with a normal cuneus as expected, but restoration of function was not significantly different between patients with and without cuneal involvement.
The visual cortex is mainly supplied by the calcarine artery, a branch of the posterior cerebral artery, but usually there are supplementary branches from one or more other arteries, namely the anterior and posterior temporal and the parietooccipital branches of the posterior cerebral and the occipital branches of the middle cerebral artery. 12 A detailed study examining the blood supply to the striate cortex in 32 normal brains, carried out by Smith and Richardson, 13 showed that only in two cases was there any evidence of a blood supply to the striate cortex via a branch of the middle cerebral artery. Therefore, collateral circulation from the middle cerebral artery as an underlying mechanism of recovery of function in the lower quadrants, detected by Tiel and Kölmel and us, seems to be valid in only a limited number of patients.
The other supplementary branch, the parieto-occipital artery, supplies the anterior superior border of the visual cortex, which is responsible for the lower peripheral visual fields and has been shown in 37.5% of normal controls. 13 Incomplete damage to the striate cortex, due to the existence of the supplementary branches such as the parieto-occipital artery, may explain the recovery of the lower peripheral defects detected in our patients.
The other hypothesis which has been put forward to explain the more frequent recovery in the periphery of the visual field is the validity of the magnification factor. The retino-cortical magnification is the extent of the striate cortex tissue (measured in millimetres) used to represent a particular portion of the visual field measured in degrees of visual angle. The receptivefield size of striate cortex cells increases with visual-field eccentricity. In progression of recovery in the visual cortex, the gain in visual field must become larger in area units or per degree from the centre to the periphery. Recovery of equal areas in the overall disturbed cortical area requires a 10e20-fold greater visual-field region in the periphery compared with the centre.
14 This hypothesis can explain the better restoration of the peripheral visual-field defects recorded in our group.
In our patients, the initial examination, performed within 2 weeks of the ischaemic event, was compared with the examination performed at the end of the sixth month. As serial examinations were not performed, we cannot comment on the time course of improvement and also cannot rule out the effect of oedema reduction on recovery. We have found that striate cortex involvement and greater lesion size are associated with poor prognosis, and recovery of function is significant in the peripheral zones of the lower quadrants. This finding can be explained by incomplete damage to the striate cortex, which has a varying pattern of vascular supply. Magnification factor theory may explain the more significant improvement in the peripheral zones.
Further studies, on larger groups, involving serial examinations are needed to clarify the underlying mechanisms of spontaneous recovery in poststroke HVFDs.
